Members of the species P. naganoensis are mesophilic, moderately acidophilic, aerobic and non-motile Grampositive rods, with oval endospores. P. naganoensis was isolated from soil, has an optimum growth temperature of 30 u C and an optimum pH of 5, and produces a thermostable pullulanase (Tomimura et al., 1990; Hatayama et al., 2006) . In this study, two organisms isolated from an acidic effluent of the uranium mill tailing, Urgeiriça, Central Portugal, were analysed using a polyphasic taxonomic approach and were identified as representing a novel species of the genus Pullulanibacillus.
A 100 ml water sample was retrieved from a uranium mine tailing effluent, Urgeiriça, Central Portugal. The water sample was transported at ambient temperature and processed within 1 h of sampling. The water sample was heated at 70 u C for 10 min to select spore-forming bacteria and then filtered through membrane filters (Gelman type GN-6; pore size 0.45 mm; diameter 47 mm). The filters were placed on the surface of Alicyclobacillus medium, pH 4.0, solidified with agar (http://www.dsmz.de/ microorganisms/medium/pdf/DSMZ_Medium402.pdf). Two strains, designated UG-2 T and UG-3, were isolated on Alicyclobacillus agar after 5 days of incubation at 30 u C. Cultures were purified by subculturing and were kept at 270 u C in Alicyclobacillus medium containing 15 % glycerol. Pullulanibacillus naganoensis DSM 10191 T was used for comparative purposes.
Extraction of genomic DNA, PCR-amplification, and sequencing of 16 rRNA genes was carried out as described by Rainey et al. (1996) . Phylogenetic analyses were performed using ARB software package (Ludwig et al., 2004) . Phylogenetic trees were constructed using neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Felsenstein, 1983) algorithms included in the ARB software package. The topology of the tree generated from distance matrices calculated with Jukes-Cantor correction (Jukes & Cantor, 1969) using the neighbour-joining algorithm was evaluated by performing bootstrap analysis (Felsenstein, 1985) of 1000 resamplings of the dataset (Fig. 1) . The 16S rRNA gene sequences of strains UG-2 T and UG-3 were a continuous stretch of 1536 bp. Sequence similarity calculations after a neighbour-joining analysis indicated that the closest relative of strains UG-2 T and UG-3, which had identical sequences, was Pullulanibacillus naganoensis ATCC 53909 T (97.9 %).
DNA-DNA hybridization was carried out at the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ, Braunschweig, Germany). Cells were disrupted by using a French pressure cell and the DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridization was carried out as described by De Ley et al. (1970) under consideration of the modifications described by Huß et al. (1983) using a model Cary 100 Bio UV/VISspectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with in situ temperature probe (Varian).
The mean levels of DNA-DNA hybridization between strain UG-2 T and P. naganoensis DSM 10191 T were 23.8 %, which is well below the threshold value of 70 % DNA-DNA relatedness generally accepted for the definition of a novel species (Wayne et al., 1987) .
Unless otherwise stated, all biochemical and tolerance tests were performed in Alicyclobacillus medium at 37 u C, pH 4.5. Cell morphology and motility were examined by phase-contrast microscopy during the exponential phase of growth. Growth temperature range of strains UG-2 T and UG-3 at the optimum pH of 4 and of P. naganoensis DSM 10191 T at the optimum pH of 5 was examined at 5 u C increments between 10 and 50 u C, in addition to 37 u C. Growth was assessed by measuring the turbidity (610 nm) of cultures incubated in 300 ml metal-capped Erlenmeyer flasks, containing 100 ml medium in a rotary water bath shaker at 150 r.p.m. The pH range for growth was determined in the same medium at 37 u C with 0.5 unit increments, between pH 2.5 and 8.0. The salt tolerance of the organisms was determined with NaCl ranging between 1 and 7 % (w/v). The presence of endospores and production of poly-b-hydroxybutyrate globules were examined by light microscopy. The behaviour of the novel strain as regards Gram reaction, activities of catalase, oxidase and DNase, hydrolysis of gelatin, elastin, aesculin, arbutin, Tweens 20, 40, 60 and 80, tributirin, starch, xylan, casein, hippurate, ability to grow and reduce nitrate under low O 2 tension and single carbon assimilations were performed as previously described (Doetsch, 1981; Smibert & Krieg, 1981; Albuquerque et al., 2000) . Additional enzymic activities were obtained using the API ZYM system (bioMérieux) at 35 u C. Acid production from carbohydrates was determined by using API 50 CH system (bioMérieux) according to the manufacturer's instructions, using API 50 CHB/E medium with bromophenol blue as indicator of pH. Results were recorded after 48 h and 6 days of incubation at 35 u C. The ability to hydrolyse pullulan was examined using an adaptation of the method described by Morgan et al. (1979) . Strains were incubated on Alicyclobacillus basal medium containing 1 g yeast extract l 21 , supplemented with 5 g pullulan l 21 , for 5 days. The ability to hydrolyse pullulan was detected by flooding the plates with 70 % (v/v) ethanol, overnight at room temperature. A translucent halo around the growth region was indicative of pullulan hydrolysis. Strains UG-2 T and UG-3 did not hydrolyse pullulan, while P. naganoensis DSM 10191 T hydrolysed this polysaccharide ( Table 1 and the species description).
Strains UG-2 T and UG-3 were isolated from an effluent with a uranium concentration of about 2 p.p.m. (Pereira et al., 2004) , therefore, we tested the ability of these strains and of P. naganoensis DSM 10191 T to grow in the presence of U(VI). The organisms were incubated for 5 days, on Alicyclobacillus medium supplemented with 2, 10, 50, 100, 150, 250, 300 and 500 p.p.m. U(VI) obtained from the solution of pitchblende (uraninite, UO 3 , U 2 O 5 ), with 80 % (v/v) sulphuric acid and 20 % (v/v) H 2 O 2 to provide the necessary redox conditions for the uranium to oxidize to U(VI Pullulanibacillus uraniitolerans UG-2 T (AM931441) Pullulanibacillus uraniitolerans UG-3 (AM931442) Fig. 1 . Phylogenetic dendrogram based on a comparison of the 16S rRNA gene sequences of strains UG-2 T and UG-3 and the closest phylogenetic relatives. The numbers on the tree indicate the percentages of bootstrap sampling, derived from 1000 replications. Isolates characterized in this study are indicated in bold. Filled circles indicate node branches conserved when tree was reconstructed using the maximum-parsimony algorithm. Bar, 1 inferred nucleotide substitution per 100 nt.
200, 1000, 2000, 4000 and 5000 p.p.m., since these concentrations could not be obtained from the solution of pitchblende. Simultaneously, the strains were cultivated in Alicyclobacillus medium supplemented with 8 % sodium nitrate to confirm that the growth inhibition was caused by the presence of U(VI) and not by NO 2z 3 . The ability to grow in the presence of uranium was detected by colony formation on solid medium. Strains UG-2 T and UG-3 were able to grow in media containing up to 5000 p.p.m. U(VI), while P. naganoensis DSM 10191 T was able to grow in media containing up to 200 p.p.m. U(VI). The ability of the strains to use U(VI) as a final electron acceptor under anaerobic conditions (Anaerogen; Oxoid) was tested for 14 days on Alicyclobacillus solid medium supplemented with 100, 200, 2000 and 5000 p.p.m. U(VI). Growth was not observed, indicating that U(VI) was not used as an electron donor under anaerobic conditions. Table 1 . Distinctive physiological, morphological and biochemical characteristics of strains UG-2 T , UG-3 and Pullulanibacillus naganoensis DSM 10191 T +, Positive; -. negative. All strains were positive in tests for the hydrolysis of arbutin, aesculin and gelatin. All strains were positive for the presence of catalase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase and bglucosidase. All strains were negative for the presence of cytochrome oxidase, DNase, alkaline phosphatase, lipase (C14), a-mannosidase and afucosidase. All strains were positive for the hydrolysis of arbutin, aesculin and gelatin. All strains were negative for the hydrolysis of elastin, casein, Tweens 20, 40, 60 and 80 and tributirin. All strains were positive for the assimilation of D-glucose, D-galactose, D-mannose, D-fructose, sucrose, lactose, maltose, D-ribose, D-xylose, cellobiose, L-arabinose, trehalose, L-glutamate, D-gluconate and proline. All strains gave a negative result in tests for the assimilation of L-sorbose, D-arabinose, acetate, DL-lactate, formate, succinate, aspartate, ribitol, D-arabitol, erythritol, methanol, ethanol, valine, glycine, L-phenylalanine, L-alanine, L-serine, L-leucine and methionine. All strains were negative for acid production from the substrates in the API CH50 tests.
Characteristic
UG-2 T UG-3 P. naganoensis DSM 10191 T pH range 3-6.5 3-6.5 3. 
Analyses of respiratory lipoquinones, polar lipids, fatty acids, peptidoglycan and G+C content of DNA were performed as described previously (Schleifer & Kandler, 1972; Schleifer, 1985; Mesbah et al., 1989; da Costa et al., 2011a, b, c) . The respiratory lipoquinones, peptidoglycan composition, polar lipid pattern and G+C content of DNA supported the affiliation of strains UG-2 T and UG-3 to the genus Pullulanibacillus. Menaquinone 7 was the major respiratory lipoquinone detected in the strains. All strains had a cell-wall type A1c peptidoglycan with mesodiaminopimelic acid as the diagnostic diamino acid plus alanine and glutamic acid, which are common in the majority of endospore-forming Gram-positive rods. The peptidoglycan of strains UG-2 T and UG-3 did not contain glucose, galactose or rhamnose, nor did the type strain of P. naganoensis (DSM 10191 T ) as has been reported by Hatayama et al. (2006) . On TLC, all strains possessed a polar lipid pattern composed of phosphatidylglycerol, diphosphatidylglycerol, one unidentified phospholipid, three glycolipids and one aminolipid. Strains UG-2 T and UG-3 had two additional minor slowly migrating glycolipids ( Fig. S1 available in IJSEM Online). The G+C content of DNA was 39.5±0.5 mol%, 39.7±0.5 mol% and 39.3±0.7 mol% for strains UG-2 T , UG-3 and P. naganoensis DSM 10191 T , respectively. These results do not confirm the higher G+C content of the DNA (45.0±2.0 mol%) reported by Hatayama et al. (2006) . The major fatty acids of strains UG-2 T and UG-3 were 15 : 0 anteiso and 17 : 0 anteiso while the major fatty acids of P. naganoensis DSM 10191 T were 16 : 0 iso and 15 : 0 iso (Table S1 ). On the basis of the phenotypic and chemotaxonomic characteristics of strains, as well as the phylogenetic results, we propose to name the new organism Pullulanibacillus uraniitolerans sp. nov.
Emended description of the genus
Pullulanibacillus Hatayama et al. 2006 Characteristics are as given for the description of the genus by Hatayama et al. (2006) , with the following changes. The peptidoglycan contains meso-diaminopimelic acid, alanine and glutamic acid. The major fatty acids are iso-and anteiso-branched. The G+C content of the DNA is about 39 mol%. Negative for the assimilation of L-sorbose, L-rhamnose, Darabinose, D-sorbitol, myo-inositol, xilitol, ribitol, Darabitol, L-arabitol, erythritol, acetate, DL-lactate, formate, succinate, a-ketoglutarate, fumarate, aspartate, methanol, ethanol, valine, glycine, L-glutamine, L-phenylalanine, Lalanine, L-serine, L-leucine, L-histidine and methionine. Acid is not produced from any substrates using the API 50 CH system. The predominant fatty acids are 15 : 0 anteiso and 17 : 0 anteiso. The polar lipid profile consists of phosphatidylglycerol, diphosphatidylglycerol, one unidentified phospholipid, three glycolipids and one aminolipid. The major respiratory lipoquinone is menaquinone 7. Cellwall type is A1c peptidoglycan with meso-diaminopimelic acid.
Isolated from a uranium mill tailling effluent in Urgeiriça, Central Portugal. Type strain is UG-2 T (5DSM 19429 T 5LMG 24205 T ). The DNA G+C content of the type strain is 39.5±0.5 mol%.
